Determining moisture levels in straw bale construction by Robinson, J et al.
 Procedia Engineering  171 ( 2017 )  1526 – 1534 
1877-7058 © 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of SCESCM 2016.
doi: 10.1016/j.proeng.2017.01.390 
ScienceDirect





aSchool of Architecture, Design and the Built Environment; Nottingham Trent University; Burton Street, Nottingham NG1 4BU, UK 
$EVWUDFW
:LWK WKH JURZLQJ LQWHUHVW LQ VXVWDLQDEOH EXLOGLQJ PDWHULDOV WKDW DUH DEOH WR SURYLGH UHGXFWLRQV LQ HQHUJ\ FRQVXPSWLRQ WKH
YLDELOLW\RIVWUDZEDOHFRQVWUXFWLRQKDVUHFHQWO\EHHQLQYHVWLJDWHGLQSDUWLFXODULWVUHVLVWDQFHWRPRLVWXUH7KHOHYHORIPRLVWXUH
WKDW D FRQVWUXFWLRQ LV H[SRVHG WRPD\KDYH DQDGYHUVHHIIHFW RQ LWV GXUDELOLW\&RQFHUQV DUH UDLVHG DERXW WKH VXVFHSWLELOLW\RI











E\'HFHPEHU >@6WUDZEDOHFRQVWUXFWLRQFDQEHGHVLJQHGDQGEXLOW WRDFKLHYHHQHUJ\HIILFLHQFLHV >@  WKDW
VXUSDVVWKRVHUHTXLUHGIRUWKHHQYLURQPHQWDODVVHVVPHQWRIEXLOGLQJVVXFKDVWKH%5(($0>@DQG&6+>@UDWLQJ






© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of SCESCM 2016.





6WUDZEDOH FDQEHXVHG IRUQRQORDGEHDULQJ DQG OLPLWHG ORDGEHDULQJZDOO >@ RU LQSDQHO DSSOLFDWLRQV7KHVH
W\SHVRIZDOOVKDYHJRRGVWUXFWXUDOFDSDFLW\DQGWKHUPDOHIILFLHQF\DUHGXUDEOH>@DQGKDYHEHHQDZDUGHGDWZR
KRXUILUHVDIHW\UDWLQJ>@
7KH RYHUDOO UHVHDUFK DLP LV WR TXDQWLI\ DQG HYDOXDWH VWUDZ EDOH FRQVWUXFWLRQV¶ UHVLVWDQFH WR PRLVWXUH XVLQJ




VWUDZEDOHFRQVWUXFWLRQVE\PRLVWXUH7KHUHKDVEHHQD ODFNRIFRQFOXVLYHDJUHHPHQWFRQFHUQLQJ WKH UHVLOLHQFHRI
VWUDZH[SRVHG WR UDLVH OHYHOVRIPRLVWXUH >@+RZHYHU6WUDXEH>@/DZUHQFHHWDO >@DQG&DUIUDHHWDO
>@KDYHUDWLRQDOL]HGWKHDSSDUHQWDELOLW\RIVWUDZWRWROHUDWHPRLVWXUHFRQWHQWEXWKDYHUHFRPPHQGWKDWLWVKRXOG
QRWH[FHHGZKHQLQVHUYLFH>@






2.1. Test rig description 
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DUH VXUURXQGHG E\ YHJHWDWLRQ 7KH QRUWK LV XQVKHOWHUHG DQG D ZHDWKHU VWDWLRQ ZDV VHW XS WKHUH WR SURYLGH D
FRPSDULVRQRILQWHUQDODQGH[WHUQDOFRQGLWLRQV(DFKEORFN)LJKDVQLQHPRQLWRULQJSRLQWVIRUWKHLQVHUWLRQRI
WKH %DOHPDVWHU SUREH )LJ  WR D GHSWK RI PP DSSUR[LPDWHO\ KDOI WKHZDOO WKLFNQHVV0RLVWXUH FRQWHQW






2.2. Materials characterization 















2.3. Test rig method 
7KHVWUDZEDOHWHVWULJZDOOVZHUHUHQGHUHGLQOLPHDILUVWOD\HURIUHQGHUZDVDSSOLHGWRWKHH[WHUQDOZDOOVRQWKH
ILUVWGD\RI WKHGD\H[SHULPHQW6XEVHTXHQWO\RQGD\DVHFRQGOD\HURIUHQGHUZDVDSSOLHGWR WKHH[WHUQDO
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WKH *( 3URWLPHWHU %DOHPDVWHU LW LV UHTXLUHG WR FRPSHQVDWH WKH PRLVWXUH UHVXOW IRU WHPSHUDWXUH >@ XVLQJ WKH
IROORZLQJHTXDWLRQ





















.P &V i RUn 

,QDGGLWLRQDF\FOLF VWXG\ZDVDGRSWHG LQRUGHU WRDVVHVV WKHHIIHFWRI WHPSHUDWXUHRQ WKHPRLVWXUHFRQWHQWRI













GD\V  DQG  FRUUHVSRQGLQJ WR WKH ILUVW DSSOLFDWLRQ RI WKH H[WHUQDO UHQGHU WKH VHFRQG EHWZHHQ GD\V  DQG 
FRUUHVSRQGLQJWRWKHDSSOLFDWLRQRIWKHLQWHUQDOUHQGHU7KHDSSOLFDWLRQRIWKHVHFRQGOD\HURIUHQGHUWRWKHH[WHUQDO
ZDOOLQJRQGD\VKRZVQRHIIHFW0RUHRYHU)LJVKRZVWKHGLVWULEXWLRQRIWKHPRLVWXUHFRQWHQWRQGD\VSUHDGV
RYHU D PRLVWXUH FRQWHQW UDQJH RI  7KLV UDQJH LV XQH[SHFWHG DV WKH EDOHV KDG EHHQ HTXLOLEUDWHG LQ WKH VDPH
DWPRVSKHULFFRQGLWLRQVIRURYHUD\HDUSULRUWRFRQVWUXFWLRQ$QRWKHUVXUSULVLQJILQGLQJLVWKDWWKHPRLVWXUHFRQWHQW
RI WKH VWUDZ YDULHG IRU QRW RQO\ HDFK LQGLYLGXDO EDOH EXW IRU HDFKPRQLWRULQJ SRLQW ZLWKLQ WKH VDPH EDOH 7KLV










E\ &DUIUDH HW DO¶V >@ FRQFOXVLRQV 7KHUHIRUH IXUWKHU LQYHVWLJDWLRQ LQWR WKH HIIHFW RI VWUDZ GHQVLW\ RQPRLVWXUH
UHDGLQJVLVHVVHQWLDO2WKHULQIOXHQFLQJSDUDPHWHUVWKDWDUHSRWHQWLDOO\UHVSRQVLEOHIRUWKHLQFUHDVHLQPRLVWXUHDQG
WKH LUUHJXODULW\ RI WKH LQLWLDO UHDGLQJV LQFOXGH UDLQIDOO UHODWLYH KXPLGLW\ DQG LQWHUQDO DQG H[WHUQDO WHPSHUDWXUH
+RZHYHU LW LV LPSRUWDQW WRPHQWLRQ WKDW WKHRQO\ UDLQIDOOZLWKLQ WKHGD\SHULRGZDV IURP WKHQRUWK DQGZHVW
FRPELQHGZLWKOLJKWZLQGVRIDVSHHGOHVVWKDQPV7KHUDLQGXULQJWKLVSHULRGLVEHOLHYHGXQOLNHO\WRKDYHKDGD
VLJQLILFDQWHIIHFWRQWKHRYHUDOOLQFUHDVHRIPRLVWXUHFRQWHQWRIWKHEDOHV
)LJ  DOVR LOOXVWUDWHV WKDW WKHPRLVWXUH FRQWHQW RI SRVLWLRQ  H[FHHGHG RQ GD\V  DQG 2Q GD\  D
VDPSOH RI VWUDZ ZDV H[WUDFWHG DQG H[DPLQHG +RZHYHU RQ LQVSHFWLRQ WKHUH ZDV QR VLJQ RI GHJUDGDWLRQ 7KLV
REVHUYDWLRQ FRQILUPV &DUIUDH HW DO¶V VWXG\ >@ WKDW PRLVWXUH FRQWHQWV WKDW GR QRW H[FHHG  DW WKH KLJKHVW
UHDGLQJPD\EHWROHUDWHGE\WKHVWUDZ7KHGDWDKRZHYHUPXVWEHLQWHUSUHWHGZLWKFDXWLRQDVWKHWHPSHUDWXUHDWWKH




3.3. Cyclic study 
)LJV  WR  VKRZ D FRPSDUDWLYH VWXG\ RI GDWD FROOHFWHG XVLQJ WKH %DOHPDVWHU DQG 7LPEHUPDVWHU UHVLVWDQFH
PHWHUVRYHUDKRXUVSHULRGWRJHWKHUZLWKWKHWHPSHUDWXUHGDWDIURPSRLQWVRIPHDVXUHPHQWZLWKLQWKHEDOH7KH
VWXG\ ORRNHG DW SDUW RI D F\FOH UHODWLQJ WHPSHUDWXUH ZLWKLQ WKH EDOH WRPRLVWXUH FRQWHQW LQ RUGHU WR DVVHVV ERWK
PRLVWXUH WUDQVLWLRQ DQG WKH HIIHFWLYHQHVVRIXVLQJ UHVLVWDQFHPHWHUV ,W FDQEHQRWHG WKDW WKHPRLVWXUHFRQWHQWV LQ
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3.4. Atmospheric conditions 
5HJDUGLQJ WKHPRLVWXUH WUDQVIHU WKH HIIHFWRI DWPRVSKHULF FRQGLWLRQVRQ WKH VWUDZZDV VWXGLHG$QDO\]LQJ WKH
GDWD REWDLQHG RYHU WKH LQLWLDO  GD\ VWXG\ WKH VWXG\ FRPSDUHV WKH HIIHFW RI H[WHUQDO UHODWLYH KXPLGLW\ DQG
WHPSHUDWXUHRQWKHPHDVXUHGVWUDZPRLVWXUHFRQWHQW)LJLOOXVWUDWHVWKHPHDVXUHGDQGHVWLPDWHGPRLVWXUHFRQWHQW
XVLQJWKH*(3URWLPHWHUHTXDWLRQ7KHH[SHULPHQWDOYDOXHVDUHDGMXVWHGE\DSSUR[LPDWHO\ZKHQXVLQJWKH























WUDQVIHUUDWHDQG WKHUDWHDWZKLFKKXPLGLW\FDQDIIHFW WKHPRLVWXUHFRQWHQWRIVWUDZ,W LVSRVVLEOH WRK\SRWKHVL]H
IURPWKH UHVXOWVREWDLQHG LQ WKH ILUVW VHFWLRQRI WKLVSDSHU WKDW WKHDSSOLFDWLRQRI WKHZHW UHQGHUKDV LQFUHDVHG WKH
PRLVWXUHFRQWHQWRIWKHVWUDZXSWRWKHSRLQWDWZKLFKLWLVLQHTXLOLEULXPZLWKWKHH[WHULRU7KLVK\SRWKHVLVDVVXPHV












WR KDYH QR IXUWKHU HIIHFW 7KH GLIIHUHQFHV LQ VWDUWLQJPRLVWXUH FRQWHQWV RI WKHPRQLWRULQJSRLQWVZLWKLQ WKH EDOHV





2WKHU REVHUYDWLRQV LQFOXGHG WKH DSSDUHQW DELOLW\ RI VWUDZ WR ZLWKVWDQG PRLVWXUH FRQWHQWV LQ H[FHVV RI 
KRZHYHU RWKHU LQIOXHQFLQJ IDFWRUV PXVW EH WDNHQ LQWR DFFRXQW UHJDUGLQJ WLPH DQG WHPSHUDWXUH 7KH REWDLQHG
PRLVWXUH FRQWHQW YDOXHV FRQIRUP WR WKRVH HVWLPDWHG E\ WKH /DZUHQFH HTXDWLRQ +RZHYHU WKH UDWH DW ZKLFK
HTXLOLEUDWLRQRFFXUVUDLVHVDQLPSRUWDQWTXHVWLRQFRQFHUQLQJWKHPRLVWXUHWUDQVIHUUDWHWKRXJKDEDOHZKHQDIIHFWHG
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